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Abstract − For qualitative understanding of the sulphur capture process in a circulating fluidized bed furnace, the effects of

temperature and CO concentration on the reactivity of partially sulfated CaO were experimentally examined. The tests were

performed in a fixed bed reactor and lab-scale circulating fluidized bed reactor. The materials used were partially sulfated

domestic limestone and bottom ash drained from commercial circulating fluidized bed furnaces. The re-emission of SO2 from

partially sulfated limestone and bottom ash increases with temperature as well as with the concentration of the reducing agent

CO. From the results of this study, the temperature dependence of sulfation could be explained by reduction theory.
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1. � �

����� ���	
 ��
 ��� ��� ���, ���� ��

� � �� ��
 ��� !� "# $ %&'"#, �( )� *'

"#+ ,-.� /01 ���	2�[1, 2]. �3� �4��� ���

 � 5678 9:� 
;� <*=�, ���� $ >?�� @A B

C=� D=E B"F ����� GHI� CJK� �L GHIM+

�� B".N %&'"# )� "#-!� GO.� �!P, QR �

	� �STU VW "#-!� 300-450 MWeO )� *'"#- UX

��� �	 @!� Y1.� ��[3].

����� ���	Z [\F �	
 ]; $ 6^�	, _# $ [

`�	, aR2-�	 @� bc`�	 @!� deN f � ��. Kg

�	�� hi �jkl� mKGHI Tn+ op q]�	2 �!d

rs,8 ];�	
 tu#=�. _#�	v� ) =d� Z6� ��

wx8 y�� 6N2�. ����� ���� QRzh� 1��{�

|+ }�p 56~2 M-.N ��. �Id ��_ �{� =+��

G� d
 y��� �	2 ��=� .��[4].

���� ����� ���+� �a�A 2-
 SO2� 6�� 2

� �	,!� n�F ��!� U� �"=� ��.N� ��� =

d2�. H�,8 >? ����
 ��Z ��� ��� ��[5, 6].

(1)

(2)

D� ����
 �� ��Z �2 2 ¡?� ¢�[ (3)], �a��

CaCO3 CaO CO2+→

CaO SO2
1
2
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100 ���������	
���
��������
��[ (4)], >?�£ [ (5)-(8)]� ¤ Uh �£Z¥!� d¦ � ��.

2 ¡?� ¢�

S+O2=SO2 (3)

�a�� ��

(4)

>?�£

(5)

(6)

(7)

(8)

��� ��Z¥
 �� 100%� ����A h§=� ¨5+ U�

� ?� 1©ª2 ��.N SO2� "¢=� «!� ��=P[ (3)],

 (4)� �a� ���£
 850oC#b+� HNdP "%�£2�, �

��q+�� 1ª+� �jª2 ¬­�. ��� ��U®� M-=�

�X ����� �q+� CO2 ¯T� 15% 2g2°� CO2 ªX2

���£A ��=� 56� "¢=h ±��. >?�£[ (5)-(8)] v+

�  (7)Z  (8)+ �
 �£
 �� �X ²³�¥+� HNd� �

£2°� ��� ��+�� ´�F�[4].

�a�� �£�+ �§A �µ� 8s¶
 �a�� w`,8 �x(

ns·�, :�, ¸¹,), ns¸¹+ ?2 º�F ¥T, �£�T, ��

� X»,  �¯T @2P >?��
 �a�� �£� 2m+T ���

g+�� ¼:T, ns½T @ �»¾ ¿�A À¥Á� 8s, ns� �

� $ ÂÃÄÅ(residence time), M2ÆÇ� ÈJ�� @+ oÉ Ê¡
�.

������+� �a�+ �
 >?�
 �TU �UË+ oÉ Ê

¡=P H�,!� �Ì- GHI+� Í, >?�T� Î 850oC� �

�� �!P[7], 2 2�� �T+�� �TU �UË+ oÉ >?�2

Ï�=� «!� G�.� ��. ÀZ,!� >?�
 850oC ©Ð+�

Í1� G2� ¨5+ 1©ª� ����� ���� 2 �TÑD+�

�Ì.P 900oC 2�+� �Ì.� {�+� >?�2 Ï�=� F�.

2Ò �2 �a�+ �
 >?�2 ���q+� Ï�=� «A ]L

=� D� hÓzh EI Uh 2Ç2 6�.N ��. 1¸,8 2Ç!

�� ��� ÔÕ+ �
 ¸¹ÖÐ 6
2Ç(restriction of access to the

surface by pore plugging), �×�£2Ç(reduction theory),  ��Ø2Ç

(oxygen depletion theory), �£ÙT2Ç(reaction rate theory) @2 ��.

��� ÔÕ+ �
 ¸¹ÖÐ 6
2ÇZ [\=E StoufferÒ Yoon[8]


 CaOU CaSO4� #�.� �£�2 �TU �UË+ oÉ Ï�=P,

2I
 {§
 �TU �UË+ oÉ CaO ns ¸¹� ��2 Ú` Ô

Û� ¨58 «!� G�=Ü�. �a�� ���£ Z¥+� 1Ý�

����U Ä�.P ?¡�£+ �� Ä�F CaSO4+ �� 2I
 �

�2 ÔÛ� F�[9]. 
Þ, LyngfeltÒ Leckner[10]� CaO ns ���

�� Ê¡� �TÊ¡+ op U%ß((annealing) ̈ 5!� ��=Ü

!P HartmanZ Trnka[11]� ���£2 �TÒ CO2 ªX� Ë�2P

���£ÙT� �T+ oÉ Ê¡=P CaO ����+ �§A �à�

� G�=Ü�.

�×�£2ÇZ [\=E Jonke @[12], LyngfeltÒ Leckner[13] @


��� =©+�� �×�q2 Ä�.N CaSO4U CaOÒ SO2� �×

.� �£A ²J�áP 2Ò �
 SO2� Ryâ2 �T+ oÉ �U

=� «!� G�=Ü�. CaSO4�©ã SO2U Ryâ(re-emission).�

Q�
 �g SO2 ¯T ª4 $ �a�+ �
 >?�£ÙT+ �§A

�ä � �!°� 2+ 1
 0å
 ��U ��=�. LyngfeltÒ Leckner

[10, 13]� Jonke @[12]� �×2ÇA æç!� �a� 2-è+ 1


�T� �§A ]L=� D� 2 2ÇA �4��� ���+ ,-=Ü

�. �×�£2Ç
 ���  (9)Ò �2 CO+ �� CaSO4U �×.N

SO2U Ryâ.� «!� ��
�. �×�£ÙT� �T+ oÉ �U

=� ³� V
 �T+�� é ê
 CaSO4U CaO� �×.°� CaO

U CaSO4� ?¡.� �£� ëì#��(í, >?�)2 Ï�=� «!

� ]L=Ü�.

(9)

DennisÒ Hayhurst[14]� ?¡�£+ 1
 �T� �§A ]L=� D

�  ��Ø2ÇA 6�=Ü!P ����+ 1��î ,-� � ��.

�¶� 2Ç+ �=¹ 900oC 2=+�� ��� ï"ªZ  �� �

4���� ns�(particulate phase)+ Ëð 3R=� ��v� ?�ª


 ñ� H2S� ÄÅ� yâ.P CaO+ º�.N CaSU Ä�F b

CaSO4�  ¡F�. 900oC 2�+�� ï"ª� ��U HNd°�  

�¯TU Ï�=P CaS� CaSO4�  ¡�á� D
  �U Ï�=�

F�. oÉ� ��+�� ?¡�£2 Ï�=� ZÝ� CaSU 3R=�

«A òó� � �!d Wôzh õ6,8 ó¥2 2öNJ æ� ~�.

�¶
 ?¡�£ ÙT��U CaO ns� ·�Ò  �¯T+ ́ [
 «

!� ÀÇh��. =hî ?¡�£� ÙT��U CaO ns·�+ ´[

=�� �¶� ÀÇ
 Yong @[15]� õ÷ÀZÒ ��.� ÀÇ2�.

�£ÙT2ÇZ [\=E Moss[16]� ?¡�£+ 1
 ø Uh {�

� 6ù=Ü�. �¶� G�+ �=¹ 865oC G� �TU úªÛ û


{�+�  (5)Ò (6) $ (7)Z (8)+ �
 ø {�U :ø HNü � �

hî 865oC 2�� �T+��  (7)Z (8)+ �
 >?�£2 ñ�

HNdP SO3� ýÄªX2 800oC 2�+�� û
 þA dÿg�, �

TU �UË+ oÉ é ûWh� .N  (8)� ��£2 �0=°� �

a�+ �
 >?�2 Ï�=� «!� ��=Ü�. =hî  (7)Z

 (8)+ �
 �£
 �� �X ²³�¥+� HNd� �£2°� �

�� ��+�� ´�F�[4].

�3� 2Ç¶A �',!� ��=¹ ��� ÔÕ+ �
 ¸¹ÖÐ

6
2Ç� {� �a�� ��+ �� Ä�.� CaO� ����+ 1


 �T� �§A õ÷,!� ��=� «2 2Ç ��� ��2U �

� �!d %vÝ ª��d �¥�Z �
 �£�+� ����� �

qZ �2 O�
 ���£A :M=�� N��P, SO2 �Â+ �


?¡�£� {�Ò õ6 ���£+ �
 ?¡�£� {�+ Ä�.�

CaSO4 �� øðU ��� ¨5+[12] ���qA :M� � �� õ

÷,8 	
�2 N��.  ��Ø 2Ç� {�, 2ÇA 	
�� î


õ6,8 õ÷ÀZU 6�F æ ~!P �3� õ÷,8 ��� 
�

G¹ �9:� �¥� �£�Ò �2 K©,8  ��Ø Q�2 HN

d� N�_ �q+� ó¥
 õ÷ÀZ+�T �TU �UË+ oÉ >

?�2 Ï�=� «!� �öN  ��Ø2Çî!�� �TÊ¡+ o

p �a�� >?� Ê¡� ]L=�+� ©�=Ü�. �£ÙT 2Ç�

{�  (7)Z  (8)+ �
 �£2 �� �X ²³�¥+� HNd�

�£2N� ��� ��+� ,-� � ~�. ÀZ,!� �3 2Ç¶

v+� �×2Ç2 U� ���2 �� 2Ç!� ýU.� ��[9].

�×2ÇA æç!� ©ª,!� ?¡F �a�!�©ã SO2� Ry

â+ 1
 ��A D
 �3 ��¶
 1©ª �¥� �£�+� ��

.�!P Talukdar @[9]
 �4��� �q+� �TÒ �×6(CO,

char, graphite) ̄T Ê¡+ oÉ ©ª,!� ?¡F �a� ns(CaSO4)

�©ã SO2� RyâA ó¥=E �£�q Ê¡+ op �a� 2-è

Ê¡� ��
 æ ��. =hî �¥�Z �4��� �q+� ó¥F

õ÷ÀZ¶A ����� �q+ �1� ,-=�+� �� ´`U o

�P, ����� _#�Å� :M� � �� �q+�� õ÷ $ 2�

CaCO3 CaO CO2+=

CaO SO2 C= aSO3+

CaSO3
1
2
---O2+ CaSO4=

SO2
1
2
---O2+ SO3=

CaO SO3 C= aSO4+

CaSO4 CO CaO SO2 CO2+ +→+
���� �41� �1� 2003� 2�



CaSO4� ����� �� ��� CO ��� �� 101
��2 ��=�.

� ��+�� �����+ ôÖ ,-� � �� SO2 Ryâ+ 1


 õ÷s�� YG=� D=E, ����� _#�qA :M� � �

�, _#Ê�� ��2 U�
 �Ä ��������� 2-=E, �

TÒ CO ̄ T Ê¡+ op SO2 Ryâ ¿�A ó¥ $ ��=Ü!P

2 ÀZ� 2-=E �- �������� _#��A D
 ��s�

� YG=�s =Ü�. )
 ��Ò ?¡�£2 ��+ HNd� �q

A :M=� D� ©ª,!� ?¡F �a� 2m+T Kg �- ��

���GHI+� ��
 =©a(bottom ash)� 2-=E õ÷=Ü�.

2. � �

2-1. ����

� ��+�� �a�+ �
 >?�£Z SO2 Ryâ+ 1
 �TÒ

CO ̄ T� �§A ��=� D=E �¥� �£�+� ��  �a�

$ Kg �- �����GHI+� ��
 =©a� M-=E õ÷=

Ü!P ����� ���qA :M=� D=E õ÷õ 9:� ���

�� �£�T Ëð M-=Ü�.

Fig. 1
 � õ÷+ M-F �¥� �£�� B�,!� dÿg� �

�. �£�� g{ 0.028 m, V2 0.7 m2P SUS 316!� 6^=Ü�.

�¥�� �T� ×�Ä ³�ÛãÒ �T���+ �� ��.�!P

�£� g©�T� �Âns� æ� D+ ]µF %#1+ �� ó¥

.��. �£+ M-.� �Â� U®�ã� G¥F �Ý;+ �� ¥

Ý.N �¥�!� ñn.��.

Fig. 2� � õ÷+ M-F �� ����� õ÷�µ2�. #Â �µ

� ��[, M2ÆÇ, downcomerÒ L-valve� ��.N ��. ��[Z

downcomer� �L
 ��[(quartz tube)!� 6^.��, ��[� {

� g{ 0.025 m, V2 2.0 m, downcomer� g{ 0.02 m2P �©+ M

2ÆÇA ]µ=Ü�. �����+ ñn.� �Â� U®�ã� G¥


 �h �Ý;(McMillan Co., Model 100-12)� ¥Ý.N ��[ =

©� ñn.T! =Ü�. ��[Z downcomer� �T��A D� ��

[
 4 kW� -ÝA "� #�Ûã 4B, downcomer 6 kW� #�Ûã

2B� M-=E U%=Ü!P �T���� ×=� �T� �h�#�.

$ F �Â� M2ÆÇ+� 4È.N downcomer L-valve� �� �

�[!� Rñn.��.

�¥�Z �����+� ( �Ì�q Ê¡+ oÉ yâ.� �Â ¯

T� #- �Âª��(Hartmann & Braun Co., Advance Optima)+ �

� 1ª l�!� ó¥.�!P ó¥ U�
 �Â�Ã� O2, CO, CO2,

SO2, NO, N2O2�.

2-2. ����

�¥� �£� õ÷+�� %� �¥� g+ H¥ ́ �� �Âns� ú

J=�, x��Â� &�ñ¹� ×=� �Tzh �£�� �T� ���

'�. �£� g©�TU ×=� �T+ T(=¹ }T� �Ý;Ò �Âª

��� 2-=E �£�Â� ̄ T� ×=� þ!� ��
�. �£�� �

TÒ �Â¯TU ×=� �q+ T(=¹ �£�Â� �¥�!� ñn=

� 2 ̈ ©ã �lÊ¡+ op ( �Â¯T� Ê¡� ó¥=Ü�.

����� �£�+�� %� 500 g� �- ����� =©a

(bottom ash)� �n
 b x��Â� &�ñ¹� nsU ��=� �

Å+� ×=� �Tzh �£�� �T� ���'�. �£� �TU

×=� �T+ T(=¹ }T� �Ý;Ò �Âª��� 2-=E �£

�Â� ¯T� ×=� þ!� ��
�. �£�� �TÒ �Â¯TU

×=� �q+ T(=¹ �£�Â� �����!� ñn=� 2 ¨©

ã �lÊ¡+ op ( �Â¯T� Ê¡� ó¥=Ü�.

2-3. ��	
 ��

�Â���� �a�Z �- �������� =©a� M-=Ü�.

�a�
 ��Z ?¡�£A �à ��  �a�(−300+212µm)A M

-=Ü�. ���£
 �¥�, 900oC+� Í1 2�lzh ���q+

� �£�á¹� CO2U é 2� yâ.h ±A ¨zh �£A hÙ�

á¹� ���£2 ��.��A Y8=Ü�. ��F ns� ?¡� �

¥�, 900oC+� Í1 2�lzh SO2 1,600 ppm� �Â� ñn�),

SO2U é 2� º�.h ±A ¨zh(�£�+ ñn #, b� SO2 ¯T

U �A ¨ zh) �£A hÙ�á¹� ?¡�£2 ��.��A Y8

=Ü�. ���� �q+� ��+ 4ËF ? �ª+ �� ?¡F {��

:M=� D� SMÒ LM� �- �����GHI =©a(−212+106,

Fig. 1. Schematic diagram of fixed bed reactor.
Fig. 2. Schematic diagram of micro scale circulating fluidized bed.

1. Riser  6. Digital flowmeter
2. Cyclone  7. Compressor/cylinder
3. Downcomer  8. Coal feeder
4. Feed hopper  9. Gas analyzer
5. L-valve 10. PC
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102 ���������	
���
��������
−425+300µm)T Ëð M-=Ü�.

3. �� 	 
�

3-1. �
� ����

Fig. 3+� �¥�+ ́ � 10 g, ý*n{ 256µm(−300+212µm)� ?

¡F �a�(CaSO4) ns� ú#
 b x��Â� ñn=¹� �£�

� �T� ���' b ×=� õ÷�T+ T(=¹ 1,500 ppm� CO(N2

balance)� ñn
 {�� õ÷ÀZ� dÿg� ��. Fig. 3(a)� 950oC,

�Ù 0.65 m/s+� CO� ñn� ̈ ©ã �lÊ¡+ op COÒ SO2 ¯

T� Ê¡� Ëð dÿg� ��. �++ dÿi æÒ �2 CO �Â�

�£�+ ñn.s¼s Ï�
 b �� ��Û �U=Ü!P SO2 ¯T

� ��+ O�Û �U
 b Ï�=E 0+ ÖÐ=Ü�. 2Ò �
 {§


 �£�+ ñnF COU �×6� ^-=E  (9)+ �
 CaSO4�

�×�£A �� �£w8 CO ̄ T� Ï�=� CaSO4U CaO� Ê¡

=¹� ¢�w8 SO2U yâ.� «!� M�.��. Fig. 3(b)� �Ù

0.65 m/s, CŌT 1,500 ppm� �H õ÷�q+� 800, 850, 900, 950oC

� �T� Ê¡�#A ¨ �l+ op SO2 RyâÝ� Ê¡� dÿg

� ��. �++ dÿi æÒ �2 �TU �UË+ oÉ SO2 RyâÝ

2 O�Û �U=Ü!P 800oC+�� SO2� Ryâ2 �� HNdh

±,�. Fig. 3(c)� �TÊ¡+ op ý* SO2 RyâÝZ ý* CO �

:Ý� Ê¡� dÿg� ��. ý* SO2 RyâÝZ ý* CO �:Ý


RyâF SO2� e,¯TÒ �:F CO� e,¯T� �£�l!� d

eN ; =Ü�. �++ dÿi æÒ �2 �TU �UË+ oÉ CO�

�:Ý2 �U=Ü!P 2+ $-=� SO2� RyâÝ2 �U=Ü�. �

T+ op CO �:Ý� Ê¡� SO2 RyâÝ� Ê¡Ò �� �M=Ü

�. ÀZ,!� CO� ���q+� .»
 �×6� ̂ -=E CaSO4�

CaO� Ê¡�á¹� SO2� Ryâ�á� �Â8 «A � � ���.

Fig. 4(a)� �¥�+ ´� 10 g, ý*n{ 363µm(−425+300µm)� L

M �-����� =©a(bottom ash)� ú#
 b x��Â� ñn=

¹� �£�� �T� 900oCzh ���' b ×=� õ÷�T+ T(

=¹ CO ̄ T� 800, 1,500, 2,400 ppm(N2 balance)!� Ê¡�' {�

�l+ op Ryâ SO2� ¯TÊ¡� dÿg� �!P Fig. 4(b)� �


 �q+� CO ̄ TÊ¡+ op ý* SO2 RyâÝZ ý* CO �:

Ý� Ê¡� dÿg� ��. Fig. 4(a)+ dÿi æÒ �2 CŌ TU �

UË+ oÉ Ryâ.� SO2�2 O�Û �U=Ü�. )
 Fig. 4(b)+

dÿi æÒ �2 CO ̄ TU �UË+ oÉ CO� �:Ý2 �U=Ü

!P 2+ $-=� SO2� RyâÝ2 �U=Ü�. CO ̄ T Ê¡+ o

p CO �:Ý� Ê¡� SO2 RyâÝ� Ê¡Ò �� �M=Ü�.

Fig. 5(a)� �¥�+ ́ � 10 g, ý*n{ 256µm(−300+212µm)� �

a�A ú#
 b CO ̄ TU 1,500 ppm(N2 balance)H ̈  �TÊ¡(800,

850, 900, 950oC)+ op ý* SO2 RyâÙT� Ê¡� dÿg� �!

P Fig. 5(b)� �¥�+ ´� 10 g, ý*n{ 363µm(−425+300µm)�Fig. 3. Effect of temperature on SO2 re-emission in a fixed bed reactor.

Fig. 4. Effect of CO concentration on SO2 re-emission in a fixed bed
reactor.
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SM �-����� =©a� ú#
 b x��Â� ñn=¹� �£

�� �T� 950oCzh ���' b CO ̄ T� 700, 1,500, 2,400 ppm

(N2 balance)!� Ê¡�#A ¨ CO ̄ T Ê¡+ op ý* SO2 Ry

âÙT� Ê¡� dÿg� ��. ý* SO2 RyâÙT� �×�£ #/

b+ =©a ns+ Ë�F ? �ªA ?ª��(SC-432DR, LECO)+

�� ó¥=E ���  (10)Z �2 ; =Ü�.

Average SO2re−emission rate=

(10)

�×õ÷ b+ ó¥F ?ËÝ
 õ÷#� ×��(?¡F �a�, �

-����� =©a)+ $� û� dÿd SO2� Ryâ2 HN0�A

RY8� � ���. �TÊ¡+ op ý* SO2 RyâÙT� Fig. 3�

{�Ò ¼1Uh� �TU �UË+ oÉ �U=Ü!P ��+� �U

{§2 ·� dÿ0�. CŌ T Ê¡+ op ý* SO2 RyâÙT�

Fig. 4� {�Ò ¼1Uh� CO ̄ TU �UË+ oÉ �U=� {§

A dÿg��. �++ dÿi æÒ �2 �TÒ CO ̄ TU �UË+

oÉ =©a ns+ 2Ã=� ?�ª2 Ï�=°� ý* SO2 RyâÙ

TU �U=Ü�. ÀZ,!� �Âª� 3 W�É �×õ÷ b �wx

+ 2Ã=� ?�ªA ª�=� ��!�T CaSO4�©ã SO2U Ry

â.� �A ��� � ��!P �TÒ CŌ TU �UË+ oÉ SO2

� Ryâ2 �U=� «A Y8� � ���.

3-2. ����� ����

Fig. 6
 0.1 MW -Ý� bench scale ����� �£�+� ��¡

» ����� ���+ M-.� Kg  ´��A ���Â� ���

2-=E 850oC+� ���#A ¨ Ê��^2 ~� �H
 �q+�

�l� {Z+ oÉ SO2Ò CO ̄ T� Ê¡� ó¥
 ÀZ2�. 0.1 MW

O �����+ 1
 s0
 9�
 �3 G�[17]+ dÿd ��. K

g  ´��� {� ��+ CaOU 4Ë.N �!P 2 �ª¶2 >?

�£+ 4E� � ��. Kg  ´��+ Ë�F Ca/S �$� 0.532�

�. �++ dÿi æÒ �2 CO ̄ TU ûA ¨+� SO2 ¯TT û�

dÿ0!P CO ̄ TU VA {�+� SO2 ¯TT V� dÿ0�. í

CO Ê¡{§Z SO2 Ê¡{§2 Hµ=Ü�. ¥��Å+� �����

!�� ���nÝ2 H¥=¹ ��� ��+ �� yâ.� SO2� �

2 H¥�5 =hî tu#��+ �� COU ¢�.¹, ¢�F COU

�×6� ^-=E �a�+ CaSO4� ÄÅ� 4È.�6 SO2 H©U

 

Fig. 5. Effects of temperature and CO concentration on average SO2 re-
emission rate.

Fig. 6. Effect of CO concentration on SO2 re-emission in a 0.1 MW bench
scale circulating fluidized bed.

Fig. 7. CO concentration and SO2 re-emission with time in a circulat-
ing fluidized bed.

(initial S wt%)−(S wt% after reduction)
(initial S wt%)(Time)
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Ryâ .� «!� M�.��. ÀZ,!� SO2� RyâA Ô� D

��� tu#�� �qA 7=� «2 æ8ô
 «!� M�.��.

Fig. 7
 ý*n{ 363µm(−425+300µm)� SM �- ������

�� =©a 500 gA ����� õ÷�µ+ ñn=� x�ªD�+�

�T� ���' b õ÷�T(900oC)+ T(=¹, 1,400 ppm� CO �

Â(N2 balance)� ñn�9 ¨ �£��+ �l+ op SO2� Ryâ

Ý $ CO ̄ T� Ê¡� dÿg� ��. �++ dÿi æÒ �2 �

l2 h:+ oÉ CO ̄ T� Ï�=Ü� SO2 ¯T� �U=Ü!P

CO2U yâ.��. 2Ò �
 {§!� �öN  (9)Ò �2, ñnF

CO �ÂU �×6� ^-=E �:.¹� CO2� yâ.� CaSO4U

CaO� �×.¹� SO2U Ryâ.� «A Y8� � ���. ÀZ,!

� COU 3R=� �q+� SO2� Ryâ �£
 �×2Ç!� ]L

� � ��!P ����� �q+�T CO+ �
 SO2� Ryâ2 H

Nd� «A Y8=Ü�.

Fig. 8
 ý*n{ 363µm(−425+300µm)� SM �- ������

�� =©a 500 gA ����� õ÷�µ+ ñn=� x�ªD�+�

�T� ���' b ×=� �T+ T(=¹, 1,400 ppm� CO �Â(N2

balance)� ñn�9 ¨ �TÊ¡+ op SO2� RyâÝ Ê¡� dÿ

g� ��. �++ dÿi æÒ �2 �TU �UË+ oÉ SO2 Ryâ

Ý2 �U=Ü!P �T�U+ op SO2 Ryâ �U� ��+� é;

O�=Ü�. 800oC+�� Ryâ.� SO2 ¯TU ª��� </ÑD

+ Ù=� þ2��. 2I
 ÀZ� �¥� �£�+�� õ÷ÀZÒ

�M=Ü�. ÀZ,!� SO2 RyâA Ï��á� D��� û
 �T

+� �Ì=� «2 æ8ô
 «!� M�.��.

Fig. 9� ý*n{ 159µm(−212+106µm)� SM �- ������

� =©a� �����+ ñn=� x�ªD�+� �T� ���'

b õ÷�T(900oC)+ T(=¹ CO ̄ T� 1,100, 2,000, 2,500, 2,800

ppm!� Ê¡�#A ¨ CO ̄ T Ê¡+ op SO2 RyâÝ Ê¡� d

ÿg� ��. �++ dÿi æÒ �2 CŌ TU �UË+ oÉ SO2

RyâÝ2 O�Û �U=� {§A dÿg��. ÀZ,!� CO �Â

U �×6� ^-=E SO2� RyâA ²J=� «2 Y8.��.

5. � �

� ��� õ÷ÑD+� =NJ ÀÇA �Î=¹ ��Z ��.

(1) �a�Z �- ����� =©a� 2-
 �×õ÷+ �� COU

�×6� ̂ -=E CaSO4�©ã SO2U Ryâ.� Q�A Y8=Ü�.

(2) �¥�Z �����A 2-=E CaSO4� �×�£+ �µ� �

TÒ CO� �§A ��=Ü!P CaSO4�©ã SO2� Ryâ
 �TÒ

CO ̄ TU �UË+ oÉ �U=Ü�.

(3) �TU �UË+ oÉ �a�+ �
 >?�2 Ï�=� Q�A

�×2Ç!� ]L� � ���.

(4) SO2� RyâA �Ï=�, �a�� >?�A V� �h=E SO2

yâA >2� D��� ����� *H
 �OA �� K©,8 t

u#��Ò Z%Q�2 HNdh ±T! �5 
�.
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